Pseudomonas syringae, Pyoverdin, Siderophore
Introduction
Several Pseudomonas spp. are known as danger ous plant pathogens, e.g., P. marginalis for the bac terial soft rot of many plants (Bradbury, 1986) , P. tolaasii infecting mushroom cultures (Munsch et al., 2000; Uria Fernandez et al., 2001), and P. syrin gae whose so-called pathovars (abbreviated pv.) infect a large variety of plant species. For this pur pose P. syringae can rely on a large supply of se condary metabolites, small cytotoxic compounds as, e.g., coronatine and congeners (Mitchel, 1985) as well as a variety of lipopeptides (e.g., syringomycin, Fukuchi et al., 1992, or pseudomycins, Ballio et al., 1994) which can facilitate the penetration of cell walls. It is astonishing that relatively little is known about its siderophores necessary for an adequate supply of iron (see below).
P. syringae belongs to the y branch of the Proteobacteriaceae (Kersters et al., 1996) and is a member of the phytopathogenic group (charac terized by the absence of oxidase and A rg hy drolase) of the fluorescent Pseudom onas spp. in the rR N A homology group I of the Pseudomonadaceae (Palleroni, 1984) , the typical siderophores of which are the pyoverdins (Budzikiewicz, 1997) . The pyoverdin produced by the type species P. syr ingae pv. syringae ATCC 19310 (1, Fig. 1 ), whose structure elucidation will be described below, shows several peculiarities as compared with the 
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Instruments, techniques and chemicals
Production and isolation o f la
Pseudomonas syringae can be grown in so-called minimal media containing only glucose, gluconate or succinate as carbon source. However, the high est pyoverdin production (ca. three times more than in minimal media was achieved after ca. 
hrs of cultivation in a C
Results
Siderotyping behavior o f the P. syringae strains
The pyoverdin isoforms (differing in the side chain attached to the chrom ophore) produced during growth of P. syringae pv. syringae ATCC 19310 in a C A A medium were differentiated as two fluorescent bands with pi values of 4.5 and M. Jülich et al.
• Pyoverdin from Pseudomonas syringae 3.9, respectively, when subjected to isoelectrofocusing on ampholine-containing polyacrylamide gel with a 3 to 10 pH gradient. A strictly identical pyoverdin-IEF pattern was observed for the other strains analyzed, namely P. syringae pv. aptata C F B P 1617, P. syringae pv. pisi C FB P 2105, P. syr ingae pv. atrofaciens C FB P 2213, P. syringae pv. tabaci C FB P 2106, P. syringae pv. passiflorae C F B P 2346, P. syringae pv. oryzae C FB P 3228 and P. viridiflava C FB P 2107, a strain closely related to the P. syringae species.
All these strains were then analyzed for their pyoverdin-mediated iron uptake capacity towards their respective pyoverdins and also towards the pyoverdin of the type strain P. syringae pv. syrin gae ATCC 19310. As shown in Fig. 2 and revealed a strict specificity of recognition towards its own pyoverdin; none of the 34 foreign pyoverdins were able to mediate iron incorpora tion in the P. syringae strain (Geoffroy et al., 2001) . Thus, it could be expected from the siderotyping and the uptake data that the set of P. syringae strains and the P. viridiflava strain produce the same novel pyoverdin. 689 18000 . Fig. 2 . Iron uptake (ordinate cpm) by P. syringae pv. ap tata (1), atrofaciens (2), tabaci (3); orycae (4), passiflorae (5), pisi (6 ) and P. viridiflava C FBP 2107 as mediated by the respective pyoverdins (white bars) and by the pyov erdin of P. syringae pv. syringae ATCC 19310 (black bars). Fig. 3 . (Table III) Table III for l a .
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R O E S Y and H M BC cross peaks are indicated in
The structure deduced from N M R data is con firmed by mass spectrometric fragmentation by C A (Fuchs and Budzikiewicz, 2001). The most im portant fragment ions of the peptide chain upon C A of [M +H]+ or of [M +2H]2+ are the N-terminal so-called B-ions (R 'N H -C H R -C O +) (Roepstorff and Fohlman, 1984). The whole B-series accom pa nied by [B -H20 ] +-ions can be observed. Several C-terminal Y "-ions (NH 3+C H R C O R ") complete the pattern
In the same way l a was isolated from P seu d o m onas syringae pv. atrofaciens C FB P 2213 and char acterized by degradation, NM R and MS as de scribed above. The X A D extracts obtained from P. syringae pv. tabaci C FB P 2106, pv. passiflorae C FB P 2346, pv. oryzae C FB P 3228, pv. aptata C FB P 1617, pv. pisi C FB P 2105 and P. viridiflava C FB P 2107 were subjected directly to mass spec- The 56 pathovars of P. syringae and related spe cies were studied by D NA-D NA hybridization and divided in eight genomic species. Genomospecies 1 (syringae), 2 (savastanoi), 3 (tomato) and 4 (porri) clustered 49 of the 56 pathovars and re lated species (Gardan et al., 1999) . As it was shown above, P. syringae pv. syringae ATCC 19310, the type species, and pv. atrofaciens C FB P 2213 pro duce the same pyoverdin 1. From six other patho vars belonging to different subclusters according to the above classification, viz. P. syringae pv. tabaci C FB P 2106, pv. passiflorae C FB P 2346, pv. oryzae C FB P 3228, pv. aptata C FB P 1617, pv. pisi C FB P 2105 and P. viridiflava C FB P 2107 their py overdins were isolated. They gave the same MS fragmentation pattern after CA as l a (see above), the same IE F pattern and uptake of the ferri-pyoverdin produced by the type strain with the same rate as their own ones. This indicates identical structures. Bultreys and Gheysen (2000) had ana lyzed the amino acid composition of the pyover dins isolated from P. syringae pv. syringae, pv. ap tata, pv. m orsprunorum , pv. tomato and from P. viridiflava LM G 2352. It is identical with that of 1. The same amino acid composition had also been found by Cody and Gross (1987) for the pyoverdin they had isolated from a P syringae pv. syringae strain. Although both groups did not determine the stereochemistry and the sequence of the amino acids, the amino acid composition is so unique (see above) that it is safe to assume, that in all cases identical pyoverdins were obtained. A more de tained discussion of the microbiological and classificational aspects involving all the P. syringae pa thovars and other related species will be published elsewhere (Geoffroy et al., 2001) .
The strains investigated by us and by the Bel gian group (Bultreys and Gheysen, 2000) were se lected to cover a wide variety of P. syringae strains belonging to the four major genomospecies. They apparently all produce the same pyoverdin 1. It is therefore astonishing that in the literature three other structures were reported for pyoverdins from supposedly P. syringae strains:
(1) Torres et al. (1986) had isolated from a not further classified P. syringae strain a pyoverdin for which they reported the amino acid composition 3 Ser, 3 Thr, Lys and OHO rn. Probably 2 OHOrn are present to provide two binding sites in the pep tide chain (due to partial decomposition during hydrolysis the Orn values are generally too low), but when adding up the masses of the components one reaches a molecular mass much higher than the one determined by the authors from their ele mental analysis. Provided the calculated molecular mass is correct within reasonable limits, the number of Ser and Thr must be too high.
(2) For the pyoverdin of P. aptata 4a the struc ture Suca-Chr-D-Ala-L-Lys-L-Thr-D-Ser-L-AcOHOrn-L-cOH O rn was established (Budzikiewicz et al., 1992) . Originally, the strain was classified as P. aptata because it caused lesions on sugar beet leaves. However, a phenotypic analysis of the strain revealed that it was oxidase positive and that it did not respond positively to a phytopatho genicity test done on tobacco leaves, as the P. syr ingae strains do (Geoffroy et a l, 2001) . Therefore, it could be concluded that the so-called "P. aptata 4 a " isolate has been misidentified and does not belong to the P. syringae group. Interestingly, the same amino acid sequence (the stereochemistry of the amino acids had not been determined) was found for the pyoverdin of P. fluorescens S B 8 -3 , a saprophytic pseudomonad (Demange et a l, 1986 and unpublished results from this laboratory).
(3) For the pyoverdin of P. aptata 3b (identified in the same way as P. aptata 4a as causing lesions on sugar beet leaves; its belonging to the P. syrin gae species remains therefore doubtful) the amino acid sequence L-Asp-[L-AcOHOrn-Dab]-Thr-DAla-Thr-Thr-Gln-L-cOHOrn (2 D-Thr, 1 L-aThr; the amino acid analysis had been effected with the accompanying ferribactin having a Glu side chain giving D -and l-G1u, but since the ferribactin Glu side chains have so far always been found to be l , Gin in the peptide chain should be d ) was estab lished (Tappe, 1991 a l, 1990; Filsak et al., 1994) .
These three structures have little in common and differ grossly from that of 1. A correct identi fication of the investigated strains may at least be questioned.
